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The effect of earth thrust-to-weight ratios, and specific
impulses on trajectory parameters has been investigated for braking
to an orbit about Venus. The thrust vector was directed against the
velocity vector in all instances. Specific impulses of 400 to 500 sec
and earth thrust-to-weight ratios of 0.2 to 1.0 were used.
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Initial thrust-to-weight ratio (based on weight at
earth sea level)

Stage mass fraction, Wp/ Wy
Gravitaticnal acceleration, m/sec?
Altitude, km

Altitude change, h - hg, km
Energy

Specific impulse, sec

ko - 2
Mass, Kp - sec

m

Radius, km

hg + rQ, km

Burning time, sec

Velocity

Comparative velocity

Stage characteristic velocity
Hyperbolic excess velocity
Stage weight, Wg - W1, , kp
Payload weight, kp

Gross weight, kp
Propellant weight, kp
Surface range, km

Angle of attack (angle between velocity vector and
thrust vector), deg

Propellant mass fraction, Wp/W,

vii



DEFINTION OF SYMBOLS (Concluded)

Symbol Definition

) Flight path angle from vertical, deg
e Gravitational constant for Venus, 324306.2 km3/sec?
P Central angle, deg

Subscripts

C Burnout

ex Exhaust

f Final

id Ideal

K Circular

o) Initial

P Propellant

Q Venus

Abbreviations

km Kilometer

kp Kilopond

m Meter

sec Second
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BRAKE TO VENUS ORBIT
By

Walter H. Stafford and Sam H. Harlin

SUMMARY

The effect of earth thrust-to-weight ratios, and specific impulses
on trajectory parameters has been investigated for braking to an orbit
about Venus. The thrust vector was directed against the velocity vector
in all instances. Specific impulses of 400 to 500 sec and earth thrust-
to-weight ratios of 0.2 to 1.0 were used.

SECTION I. INTRODUCTION

Preliminary mission analysis for planning the exploration of
Venus requires a sufficiently accurate and rapid method for determining
the trajectory parameters. The purpose of this study is to present a
method for determining these parameters for powered braking into an
orbit about Venus when the arrival hyperbolic excess velocity is known.

The approach used was to determine the arrival velocity for a
given transfer trajectory and initiate burning so that circular orbit
conditions are attained at burnout. The equations of motion were
integrated on a RECOMP II computer, using a Runge-Kutta numerical
integfation procedure.



SECTION II. ASSUMPTIONS

The following is a summary of the basic assumptions used in
this study:

1. Deceleration of a single stage from an interplanetary transfer
trajectory to a 600-km circular Venusian orbit, using a constant thrust

directed against the velocity vector.

2. Constant specific impulse values:

a. 400 sec
b. 425 sec
c. 450 sec
d. 475 sec
e. 500 sec

3. The earth thrust-to-weight ratio for a chemical stage was
varied parametrically from 0.2 to 1.0.

4. Mean spherical planet Venus:

b= 324306.2 km®/sec?

6123.0 km

r

SECTION III. ANALYSIS

In Venusian mission programs, it is assumed that one mode of
flight will be by way of a transfer from a circular orbit around Venus.
In general, a spacecraft will approach the vicinity of Venus with a
relative hyperbolic flight velocity.

The velocity requirements for injection into a 600-km circular
orbit from an interplanetary transfer trajectory were calculated using
the equations of motion for a vehicle flying into orbit with an angle of
attack of 180 degrees.




Referring to the sketch below, computations were made for a
point mass moving in a plane using the following equations of motion:

LOCAL VERTICAL

INITIAL VERTICAL /L
4

VENUS CENTER

\-/_:Fcosoz_ Q coth (1)

. . M 2
Vb= Fsmo‘+(? - \1':) sin (2)

=
i
<
0
o)
n
h

(3)

b= = (4)
where

m =mg + [ madt (5)
and

: F .

m = - —-\7- (6)



The velocity and flight path angle may be obtained by integrating
the equation of motion

V=V, + [Vt (7)

b :4/n“o+.f’bé’dt (8)

The range and altitude can then be calculated by the relations

r
X = Xg + | — Vsind dt (9)
h=hy+ [ fdt (10)

and the central angle is

L.]J:LIJO'*-jrédt (11)

?

The initial weight of the vehicle is

W, =W + Wp (12)

The velocity expended by a vehicle is the characteristic
velocity, or

1
Vl :Vex ln(_"‘l - Q) (13)

Then the velocity losses are the difference between the characteristic
velocity and the change in comparative velocity, or

=V, - AV (14)
loss

where the comparative velocity is

V*:-JVZ‘FZHQ(% __]‘_) (15)

?




The change in comparative velocity during descent from r = r_ to

r=r,1is
f

o 2 1 1 \
AV =JVO + Zp?(?f—;o)-Vf (16)

and the velocity loss due to gravity is

1 /z 1 1\
Vloss = VexIn (l-f;)_'\/v’v‘ +2HQ(;£'?)'Vf (17)
o

SECTION IV, DISCUSSION OF RESULTS

e}

The results of this investigation are shown in Figures ] through
13. The characteristic velocity, V; , is plotted versus hyperbolic excess
velocity with earth thrust-to-weight ratios as a parameter in Figures 1
through 5.

Figures 6 and 7 show the velocity losses due to gravity for
specific impulse values of 400 sec and 500 sec respectively. These
losses tend to zero as the earth thrust-to-weight ratio is increased.

The flight path angle at initiation of burning prior to Keplerian pericenter
is shown in Figure 8.

Figure 9 shows the change in altitude. This change is the
difference between the altitude at initiation of burning and the altitude
of the circular orbit about Venus. The change in other trajectory
parameters is shown in Figures 10 and 11. The vehicle mass charac-
teristic can be determined from Figures 12 and 13.

SECTION V. CONCLUSIONS

From this parametric analysis, sufficient data are presented to
enable the designer to make a preliminary design of a stage for braking
into an orbit about Venus when the mission requirements are defined.



SECTION VI. GRAPHIC PRESENTATION
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HYPERBOLIC EXCESS VELOCITY, Vo (km/sec), WITH THRUST-
TO-WEIGHT RATIO AS A PARAMETER FOR A CONSTANT
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